To demonstrate the impact of correcting sagittal balance (SB) on functional outcomes of surgical treatment for degenerative spinal disease and actual falls via utilization of new minimally invasive lumbar fusion techniques via a lateral approach. Materials and Methods: From November 2011 to March 2015, we enrolled 56 patients who underwent minimally invasive lateral lumbar interbody fusion (LLIF) and matched 112 patients receiving decompression/postero-lateral fusion (PLF) surgery for lumbar spinal stenosis. According to SB status using C7-plumb line-distance (C7PL) and surgery type, patients were divided into three groups: SB PLF, sagittal imbalance (SI) PLF, and LLIF groups. We then compared their outcomes. Results: The mean C7PL was 6.2±13.6 mm in the SB PLF group, 72.9±33.8 mm in the SI PLF group, and 74.8±38.2 mm in the LLIF group preoperatively. Postoperatively, C7PL in only the LLIF group improved significantly (p=0.000). Patients in the LLIF group showed greater improvement in fall-related functional test scores than the SI PLF group (p=0.007 for Alternate-Step test, p=0.032 for Sit-to-Stand test). The average number of postoperative falls was 0.4±0.7 in the SB PLF group, 1.1±1.4 in the SI PLF group, and 0.8±1.0 in the LLIF group (p=0.041). Oswestry Disability Index and the Euro-QoL 5 dimension visual analogue scale scores also showed greater improvements in the LLIF group than in the SI PLF group at postoperative 1 year (p=0.003, 0.016). Conclusion: Surgical correction of SI in patients with lumbar spinal stenosis using a combination of minimal invasive LLIF and posterior surgery achieved better surgical outcomes and a lower incidence of actual falls than PLF surgery.
INTRODUCTION
Sagittal balance (SB) has become a major concern in the treatment of degenerative spine disease. 1 However, the impact of SB in the surgical treatment of degenerative spinal disease is still controversial. [2] [3] [4] Nevertheless, the development and utilization of new minimally invasive lateral approach lumbar fusion techniques, including lateral lumbar interbody fusion (LLIF), has made it much easier to improve correction of postoperative spinal SB. 5, 6 We hypothesized that corrected spine balance in patients with symptomatic lumbar spinal stenosis (LSS) might affect surgical outcomes in terms of both functional mobility tests reflecting the risk of falling and quality of life. Therefore, our objectives in the current investigation were to assess postoperative changes in the risk of falling and quality of life in patients with LSS after SB corrective surgery. We compared minimally invasive LLIF combined with posterior surgery with classical decompression and postero-lateral fusion (PLF) surgery according to whole spinal SB status.
MATERIALS AND METHODS
This study was approved by the Institutional Review Board of the authors' hospital (IRB No. 4-2011-0399) . From November 2011 to March 2015, 76 patients who underwent LLIF surgery [combined with posterior surgery using a conventional pedicular screw-rod system and cages for lateral interbody fusion and posterior lumbar interbody fusion (Medtronic Sofamor Danek, Inc., Memphis, TN, USA)] were enrolled in prospective single cohort manner and matched retrospectively. All patients whose conservative treatment for LSS had failed were recommended to undergo decompression and additional fusion surgery when LSS was accompanied by segmental instability and/ or severe stenosis with leg symptoms in which facet joints could be resected more than 75% unilaterally or 50% bilaterally during surgery. [7] [8] [9] Among 76 patients, patients with other conditions that hampered their functional performance, including neuropathological and other neurodegenerative conditions, such as Parkinson's disease, Alzheimer's disease, or a specific ataxic condition, were excluded. 10, 11 Furthermore, patients with severe osteoarthropathic conditions causing knee and hip joint contractures that affected the entire spinal SB were also excluded. 12 In addition, severe coronally imbalanced patents with a local Cobb angle larger than 10 degrees of degenerative scoliosis were also excluded to remove possible confounding factors affecting SB status. Finally, 56 patients in the LLIF surgery group who completed 3 months and 1 year follow-up comprised the LLIF group.
Standard, full-length, 36-inch lateral radiographs of the spine were taken in a conventional standardized manner 13 and used to evaluate whole spinal SB. The C7 plumb line was placed over the center of the vertebral body and its distance from the postero-superior corner of S1 was measured and defined as C7-plumb line-distance (C7PL). An offset of larger than 2.5 cm anteriorly or posteriorly was considered to indicate sagittal imbalance.
14 Different components, such as thoracic kyphosis (TK) and lumbar lordosis (LL) were recorded, and pelvic incidence (PI), pelvic tilt (PT), and sacral slope (SS) angles were used to describe the shape and orientation of the pelvis. 15 All patients in the LLIF group, who were enrolled consecutively, had a sagittally imbalanced spine. Based on age, gender, body mass index, sagittal profiles, operated spine level, and operation length of the LLIF group, each of the 56 patients were retrospectively matched and compared with prospectively enrolled patients who underwent decompression and PLF surgery at the authors' institute (Fig. 1) . A total of 168 patients (36 men, 132 women) in three groups were followed-up for at least 1 year postoperatively.
Major diagnoses were spinal stenosis (124 patients) and spinal stenosis with spondylolisthesis (44 patients). All patients were treated with decompression, which included laminectomy, total facetectomy, and additional discectomy if necessary, and posteriorly instrumented PLF surgery or LLIF using local autologous and allo-chip bone mixing with demineralized bone matrix grafts. All surgeries were performed by two surgeons regardless of surgery type. A failure of fusion with nonunion in the PLF group and in the LLIF groups were investigated on follow-up radiographs and a CT scan based on suggested criteria. 16, 17 Walking distance in a single trial, the Oswestry Disability Index (ODI), the Euro-QoL 5 dimension (EQ-5D), and Euro-QoLvisual analogue scale (VAS) were recorded [18] [19] [20] at the initial preoperative evaluation and at 3 months and 1 year postoperatively.
Other basic demographic data were also gathered, including hip osteoarthritis and knee osteoarthritis using the KellgrenLawrence scale, 21 and total hip/knee replacement status. Furthermore, the presence of osteoporotic vertebral compression fractures was evaluated based on conventional thoraco-lumbar lateral radiographs using an established visual semi-quantitative system 22 in all enrolled patients. Osteoporosis of the lumbar spine area was also measured by dual energy X-ray ab-76 patients who underwent minimally invasive LLIF and intrumented posterior decompression surgery for LSS.
•Follow-up loss (n=13)
•Declined to continue with the study (n=7) 56 patients were enrolled who presented SI on preoperative whole spine lateral radiograph (LLIF group).
Questionnaire of EQ-5D, whole spine radiographs, a fall diary and 4 functional mobility tests at preoperative, postoperative 3 months, postoperative 1 year were reviewed and compared (n=168, 36 male, 132 female).
Assessed for eligibility (n=641) who underwent decompressive and instrumented postero-lateral in-situ fusion surgery for LSS and could be followed-up at least for postoperative 1 year with completion of Questionnaire, a fall diary and postoperative whole spine radiographs from the database of authors' institute.
246 patients who presented SB spine on preoperative whole spine lateral radiograph (SB PLF group candidates).
Patients were matched and extracted based on age, gender, sagittal profile, body mass index, operated spine level and operation length from each group. → 56 patients in the SB PLF group and 56 patients in the SI PLF group 395 patients who presented SI spine on preoperative whole spine lateral radiograph (SI PLF group candidates). 
Assessment of fall risk with four functional mobility tests and a fall diary
To evaluate the risk of falling, four functional mobility tests were used: the alternate-step test (AST), the six-meter-walk test (SMT), the sit-to-stand test (STS), and the timed up and go test (TUGT). 10, 23, 24 Additionally, a fall diary was given to all patients or caregivers who were encouraged to record every fall and report it when they visited the outpatient clinic for regular follow-up at 3 months and 1 year postoperatively.
Surgical techniques of LLIF with posterior surgery
The basic steps were the same as in the LLIF procedure and were designed to protect the psoas muscle by full posterior retraction during the procedure. 25 However, six-degree lordotic angled cages (Clydesdale ® PEEK, Medtronic Sofamor Danek, Inc., Memphis, TN, USA) (preferentially 12−14 mm in height) were inserted within the anterior one-third portion of the vertebral body to enhance correction of the lordotic angle. The demineralized bone matrix and allo-chip bone mixture was used and packed into the cage. To enhance the fusion process, we employed our own technique to create linear breakage of endplates along the line of expected cage insertion position with a straight 1/4-inch osteotome, after full endplate preparation. For cases in which the LLIF procedure was difficult due to iliac vascular bifurcation variants that crossed the entry point into L5-S1 disc space, posterior lumbar interbody fusion was carried out instead using bulleted tipped convex-shaped cages (Capstone ® PEEK, Medtronic Sofamor Danek, Inc., Memphis, TN, USA). In 10 cases of posterior lumbar interbody fusion, cages were also placed into the anterior one-third portion of the vertebral body. During posterior procedures, decompression surgery, which included total facetectomy, laminectomy, and additional discectomy/foraminotomy, was performed. Compression forces between the conventional pedicle screws were applied during rod assembly to ensure greater lordosis as well as more contact between the vertebral body and inserted cages during the procedure. Also, unilateral PLF over the whole surgery level was added for the sake of non-union of LLIF level.
Statistical analysis
Basic statistical analyses, including the ANOVA and chi-square tests, were used to evaluate the statistical significance of differences between SB PLF, SI PLF, and LLIF groups in terms of QOL, the four functional mobility tests, actual falls, and other demographic data. Post-hoc analysis by the Bonferroni method was also used to confirm statistical differences between groups. A forward stepwise multiple linear regression analysis was also used to evaluate if radiologic parameters were significantly related to ODI and EQ-VAS scores at each follow-up. All statistical analyses were performed using the SPSS 19.0 statistics package (IBM Corp., Armonk, NY, USA). p-values less than 0.05 were considered statistically significant.
RESULTS
The mean patient age was 70.6 years in the SB PLF group (range 61−83 years), 71.4 years in the SI PLF group (range 55−80 years), and 70.3 years in the LLIF group (range 60−85 years) (not significant, ANOVA). Other demographic comparisons are shown in Table 1 .
Perioperatively, two cases of hip flexor weakness and one case of postoperative hematoma around the retracted psoas muscle area were encountered in the LLIF group. Also, one case of dural tear and two case of perioperative pneumonia were observed in the whole PLF group. Fortunately, all perioperative complications were resolved without perioperative mortality.
Whole spine sagittal balance-related radiologic parameters
In the SB PLF group, the mean C7PL was 6.2±13.6 mm preoperatively, 14.1±15.5 mm at 3 months postoperatively, and 19.4± 22.2 mm at 1 year postoperatively (p=0.007, ANOVA). In the SI PLF group, the mean C7PL was 72.9±33.8 mm preoperatively, 73.8±42.5 mm at 3 months postoperatively, and 79.9±48.5 mm at 1 year postoperatively (p=0.754, ANOVA). In the LLIF group, the mean C7PL was 74.8±38.2 mm preoperatively, 27.6±19.8 mm at 3 months postoperatively, and 31.7±17.2 mm at 1 year postoperatively (p=0.000, ANOVA).
Values of these measures and comparisons between SB PLF, SI PLF, and LLIF groups are presented in Fig. 2 and Table 2 .
In post-hoc analysis by the Bonferroni method, preoperative C7PL, LL, and PI-LL in the SB PLF group demonstrated significant differences, compared with those in the SI PLF and LLIF groups (p=0.000, 0.000, 0.000). At 3 months and 1 year postoperatively, C7PL, LL, and PI-LL differed significantly in the SI PLF group, compared with those in the SB PLF and LLIF groups (p=0.000, 0.000, 0.002 for 3 months, p=0.000, 0.000, 0.012 for 1 year).
Radiological non-union and adjacent segmental failure was negligible in the three groups (one case in the SB PLF, 3 cases in the SI PLF groups, and no cases in the LLIF group) up to 1 year postoperative follow-up.
Functional mobility test results and actual falls
In the SB PLF group, All four functional tests improved significantly in comparison to preoperative abilities (p=0.025 for AST, p=0.000 for SMT, p=0.000 for STS, p=0.000 for TUGT, ANOVA) (Fig. 3) . In the SI PLF group, only the SMT and STS tests showed significant improvement during the postoperative follow-up period (p=0.021 for SMT, 0.001 for STS, ANOVA). In the LLIF 
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group, all four functional tests improved significantly in comparison to preoperative abilities (p=0.000 for AST, p=0.003 for SMT, 0.000 for STS, p=0.000 for TUGT, ANOVA). The difference between postoperative and preoperative values of the four functional tests of each group are shown in the Table 3 . The average number of actual falls per patient during the follow-up period was 0.4±0.7 in the SB PLF group, 1.1±1.4 in the SI PLF group, and 0.8±1.0 in the LLIF group (p=0.041, ANOVA). In the post-hoc analysis, the SI PLF group demonstrated significantly more falls than the SB PLF group. During follow-up, two patients in the SI PLF group fell down and suffered intertrochanteric fractures; they both underwent hip surgery as treatment. 
Quality of life using EQ-5D and ODI
The mean EQ-5D VAS for general health status and mean ODI in the SB PLF, SI PLF and LLIF groups were improved significantly during follow-up, compared to preoperative values (p= 0.002, 0.000 for SB PLF group, p=0.000, 0.000 for SI PLF group, p=0.000, 0.000 for LLIF group, ANOVA) (Fig. 4) . Each parame-
ter, except the D dimension in the EQ-5D scale (p=0.230), improved significantly postoperative in the SI PLF group (p=0.012 for M, p=0.000 for S, U and P, ANOVA). However, in the SB PLF and LLIF groups, all dimensions demonstrated statistically significant improvement after surgery (In the SB PLF group, p= 0.009 for mobility (M), p=0.001 for self-care (S), p=0.020 for usual activity (U), p=0.000 for pain/discomfort (P), and p=0.043 for depression/anxiety (D), ANOVA) (In the LLIF group, p=0.000 for M, S, U, P, and D, ANOVA). The comparative results of postoperative improvement among three groups are presented in Table 4 . In a correlation analysis between the radiologic parameters, including PI-LL mismatch (PI-LL≤10 versus >10), EQ-VAS, and ODI, only C7PL correlated with ODI and EQ-VAS at preoperative and postoperative measurement (p=0.000, multiple regression). Other radiologic parameters did not correlate with EQ-VAS or ODI.
DISCUSSION
Minimally invasive lateral lumbar interbody fusion procedures are very effective at simultaneously restoring sagittal and coronal balance. 5, 26, 27 From this, it is expected that recovered SB after lateral fusion procedures could favorably affect fall risk. Indeed, poor postoperative spinal sagittal alignment is related to body imbalance, which may account for the association between poor spinal sagittal alignment and falls. 28, 29 In this study, we included patients who underwent posterolateral fusion surgery along with decompressive surgery for LSS. These patients were set as the control group against the LLIF group, as PLF alone does not change the SB-related parameters postoperatively. 29 In many papers related to SI, the suggested values differ from 2.5 cm to 7.0 cm, depending on the compensatory mechanism, age, and presence of symptom.
14,30-32 A guideline for choosing corrective surgery for adult spinal deformity 33 were observed in our SI PLF and LLIF groups (PT, 22.3±7.1º and 26.6±9.9º; C7PL, 72.9±33.8 mm and 74.8±38.2 mm; PI-LL, 22.8±15.7º and 29.6± 19.3º; and preoperative ODI, 61.7±15.9 and 58.2±14.8). However, one group of patients only underwent decompression and posterolateral fusion surgery. The LLIF group underwent a minimally invasive anterolateral interbody fusion surgery, enabling an increased improvement in SB, similar to extensive corrective surgeries such as Smith-Peterson and pedicle-subtraction osteotomy. 34 Compared with other direct lateral interbody fusion and LLIF related studies, 25, 35 our case series had a larger lordotic correction, because of strategic positioning of the cage into the anterior 1/3 space of the vertebral body nearest to the anterior longitudinal ligament and additional posterior compression force during rod assembly after total facetectomy.
Presumably based on LSS pathophysiology, it is thought that there must be additional surgical corrective effects on the compensatory flexed posture to increase the spinal canal diameter, which adversely affects SB, 36 along with restoration of LL using a 6-degree angled cage during LLIF. 35 Our study was unique in its analysis of actual falls and functional mobility tests as a means of evaluating functional outcomes along with quality of life (QOL) after correction of SB. This is in contrast to other studies, which have mainly focused on radiologic parameters or employed extensive corrective surgery. 2, 34, 37 In the present study, changes in postoperative SB and related outcomes depending on surgery type were demonstrated to have significant differences in both radiological and clinical parameters of functional mobility tests (reflecting fall risk) and actual falls as recorded in a fall diary. In all three groups, most patients achieved improvement in their QOL and functional outcome. However, the noted improvement was much greater in the LLIF group than the SI PLF group, but to a lesser extent, compared to the reference value in the SB PLF group.
In the four functional mobility tests, LLIF patients demonstrated the worst preoperative measures; however, these patients also demonstrated the most postoperative improvement compared to the SI PLF group, especially in the AST and STS tests, which reflects function during destabilizing activities in the sagittal plane, such as bending forward and standing on one leg while stepping up and down. 38 The other functional mobility tests focused on alternative characteristics, as multiple confounding factors makes it difficult to confirm a difference between groups.
In part, the limited improvement of functional mobility in the LLIF group could be explained by the fact that individuals who present with a long duration of considerable sagittal imbalance often also have atrophy of the spinal extensor muscles, 39 ,40 which plays a major role in the posturing and balancing activities in older adults. 28 Although correction of LL and other sagittal parameters were achieved after LLIF procedures, the function and action of back muscles remained weakened and even worsened by surgical trauma and the presence of spinal implants. Therefore, although postoperative improvement of SB resulted in improved posture, the function of the back muscles was not recovered to the extent necessary for true functional improvement in the four mobility tests. Also, the newly fixed spine likely requires time to adapt to its new lumbar curve and proprioception after surgery. 41 This could be confirmed by serial improvement between 3 months and 1 year postoperative in terms of EQ-5D measure and the 4 mobility test results.
The number of actual falls during postoperative follow-up was also shown to be statistically different between groups. Compared with the SI PLF group, the LLIF group had similar radiologic parameters and worse functionality preoperatively, but better radiologic values, functional results, and less falls postoperatively during follow-up. This supports our hypothesis that SI reduces energy efficiency and necessitates more time on behalf of the patient to complete stability tests. All groups demonstrated better functional test results postoperatively, although the improvement in the SI PLF group was still worst among the three groups. However, the LLIF groups demonstrated considerable improvement to reach a similar level as the SB PLF group.
In all patients, the number of actual falls was more frequent than was expected. One possible reason is lifestyle, including activities necessitating repetitive squatting and standing up from the ground. Even though preoperative and postoperative education was provided to patients and caregivers, some still continue their preoperative lifestyle after discharge. In our next study, we are planning to investigate the effect of floor activities on the postoperative risk of falling compared with the western lifestyle.
Our study had several limitations. First, we did not perform a head-to-toe evaluation on a single radiograph, as is done in the EOS imaging system. 32 However, as part of our exclusion criteria, based on physical exams and whole lower extremity radiographs, we excluded patients with hip or knee contractures or pathologic conditions that may affect global sagittal alignment. 12 Second, all efforts were given to match enrolled patients in terms of age, sagittal profile, and surgery level; however, there were inevitable differences in the preoperative baseline in terms of functional mobility and QOL between the groups. Third, with only 1-year follow up, it is difficult to comment on adjacent segment disease in all three groups. As of now, we are gathering the 5-year long-term follow-up data for our next topic. We would like to stress that the purpose of this study was to evaluate the actual falls and improvement of fallrelated functional tests after correctional surgery using minimally invasive lateral interbody fusion surgery plus posterior surgery.
Despite these limitations, this was the first study to analyze outcomes, determined by functional mobility, actual falls, and QOL, of minimally invasive surgery to treat LSS with an emphasis on achieving SB. We found that LLIF patients showed greater improvement in functional mobility and experienced less falls during follow-up than did patients in the SI PLF group. Accordingly, consideration of SI in patients with LSS and its surgical correction, using combined minimally invasive LLIF and posterior surgery, is encouraged to attain better surgical and functional outcomes and to decrease the incidence of actual falls after treatment than when PLF surgery is performed.
